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(54) Optical recording medium and method of producing the same 



(57) An optical recording medium capable of im- 
proving uniformity of thickness of a protective film and 
suppressing warping. The medium is configured to com- 
prise a substrate, an optical recording film formed on the 
substrate, and a light transmitting protective film formed 
above the optical recording layer, wherein the protective 
film comprises a polymer sheet produced by melt cast- 



ing, and an adhesive layer for bonding the polymer 
sheet to the optical recording layer. As the polymer 
sheet, a polycarbonate sheet, a cyclic polyolefin sheet, 
etc. can be used. As the adhesive layer, an ultraviolet 
curing resin, a heat curing resin, an epoxy resin-based 
adhesive agent or a pressure-sensitive tackiness agent 
may be used alone or mixed or stacked. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an optical re- 
cording medium having an optical recording layer for op- 
tically recording information and a method of producing 
the same. 

2. Description of the Related Art 

[0002] In recent years, in the field of information re- 
cording, research has been underway in various loca- 
tions on optical Information recording systems. Optical 
information recording systems have a number of advan- 
tages such as a capability of non-contact recording and 
reproduction, a capability of handling different forms of 
memories such as read only, write-once, and rewritable 
types. Broad applications from Industrial use to consum- 
er use can be envisioned for these as systems enabling 
realization of low cost, large size files. 
[0003] A larger capacity of the optical recording media 
for the above various types of optical information record- 
ing systems (hereinafter also referred to as an "optical 
disk") has been achieved mainly by shortening the 
wavelength of the laser light serving as the light source 
used in the optical information recording systems and 
using lenses having larger numerical apertures to re- 
duce the spot size on the focal plane. 
[0004] For example, in a CD (compact disk), the laser 
light wavelength is 780 nm, the numerical aperture (NA) 
of the lens is 0.45, and a capacity is 650 MB, while in a 
DVD-ROM (digital versatile disk - read only memory), 
the laser light wavelength is 650 nm, the NA is 0.6, and 
the capacity is 4.7 GB. 

[0005] Furthermore, in the next generation optical 
disk systems, a larger capacity of 22 GB or more can 
be achieved by using an optical disk including an optical 
recording layer over which is formed a thin light trans- 
mitting protective film (cover layer) having a thickness 
of, for example, about 1 00 um and making the laser light 
wavelength 450 nm or less and the NA 0.78 or more. 
[0006] Figure 1 is a schematic sectional view of the 
structure of an optical disk for the above next generation 
optica! disk systems. 

[0007] For example, an optical recording layer 11 
comprised of an aluminum or other metal film or a phase 
change type thin film made of inorganic material or other 
and having Irregularities of lands L and grooves G is 
formed on a substrate 1 0 comprised of a polycarbonate 
and having a thickness of about 1 .1 mm. 
[0008] The optical recording layer 1 1 is coated by, for 
example, an ultraviolet curing resin to form a light trans- 
mitting protective film 1 4. 

[0009] The above optical disk is a type of optical disk 
where laser light is focused on the optical recording lay- 



er 1 1 through the protective film 1 4 and the reflected light 
is read. By making It above type, a higher numerical ap- 
erture can be achieved. 

[0010] The method of producing the above conven- 
5 tional optical disk having the above optical recording lay- 
er will be explained next. 

[0011] First, a pattern of irregularities for the optical 
recording layer is formed by for example injection-mold- 
ing on a substrate comprised for example of a polycar- 

10 bonate and having a thickness of 1.1 mm, then alumi- 
num etc. is deposited thereon by for example sputtering 
so as to form a reflection film having a pattern corre- 
sponding to the above pattern of irregularities, that is, 
the optical recording layer 11. 

15 [0012] Next, a liquid-state ultraviolet curing resin is 
supplied by spinning coating on the optical recording 
layer 11 from a dispenser while making the substrate 10 
spin so as to form an ultraviolet curing resin film. 
[0013] Next, ultraviolet light is irradiated on the ultra- 

20 violet curing resin film to cause the same to cure and 
form a protective film. By this, an optical disk having the 
structure shown in Fig. 1 can be obtained. 
[0014] However, in the above process of forming an 
ultraviolet curing resin film, there was the problem that 

25 the ultraviolet curing resin film for forming a protective 
film could not be formed uniformly on the substrate due 
to the high viscosity of the ultraviolet curing resin. 
[0015] Figure 2 is a schematic sectional view of the 
state in the step of forming the above ultraviolet curing 

30 resin film. 

[0016] A not shown optical recording layer is formed 
on the substrate 10. When coating an uncured film 14a 
of an ultraviolet curing resin thereon by spin coating, 
since the viscosity of the ultraviolet curing resin is high, 

35 the thickness of the uncured film 1 4a ends up becoming 
vastly different between near the center of the substrate 
(region expressed by x in the figure) and near the pe- 
riphery (region expressed by y in the figure). It was thus 
difficult to obtain a uniform thickness. 

40 [0017] Also, as explained above, at the time of curing 
the ultraviolet curing resin film by irradiating ultraviolet 
light, the cure shrinkage of the resin is large, so there 
was the problem that the optical disk produced ended 
up warping by a large degree. Also, a change in tem- 

45 perature or humidity also became a cause of warping 
because of the difference in the coefficient of expansion 
and water absorption of the protective film. 
[0018] The amount of spherical aberration caused 
when the thickness of the above protective film deviates 

so from its set value is proportional to N A 4 /X for a laser light 
wavelength X and a numerical aperture NA, so when 
shortening the wavelength of the laser light and raising 
the numerical aperture to increase the capacity as ex- 
plained above, the characteristics required in the optical 

55 disk for keeping down spherical aberration become 
stricter and the uniformity of the thickness of the protec- 
tive film has to be improved. 

[001 9] Also, the amount of coma aberration occurring 
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when warping (tangential or radial skew) of a disk occurs 
is proportional to NA 3 /X, so in the same way as above, 
when shortening the wavelength of the laser light and 
increasing the numerical aperture to increase the ca- 
pacity, the characteristics required in the optical disk for 5 
keeping down coma aberration become stricter and 
warping of the disk has to be suppressed. 

SUMMARY OF THE INVENTION 

[0020] An object of the present Invention Is to provide 
an optical recording medium capable of improving the 
uniformity of thickness of a protective film and suppress- 
ing warping and a method of producing the same. 
[0021] To achieve the above object, an optical record- 
ing medium of the present Invention comprises: a sub- 
strate; an optical recording layer formed on the sub- 
strate; and a light transmitting protective film formed at 
an upper layer of the optical recording layer; wherein the 
protective film includes a polymer sheet produced by 
melt casting and an adhesive layer for bonding the pol- 
ymer sheet to the optical recording layer. 
[0022] In the optical recording medium of the present 
invention, preferably, a surface formed in contact with 
the cast when the polymer sheet is produced by melt 
casting Is arranged to be at a far side from the optical 
recording layer. 

[0023] In the optical recording medium of the present 
invention, preferably, a residual solvent in the polymer 
sheet is not more than 0.3 wt%. 

[0024] In the optical recording medium of the present 
invention, preferably, a birefringence in the in-plane di- 
rection of the polymer sheet is not more than 15 nm. 
[0025] In the optical recording medium of the present 
invention, preferably, a difference of an average value 
of a refractive index in an in-plane direction of the poly- 
mer sheet and a refractive index in a direction perpen- 
dicular to the in-plane direction is not more than 0.0015. 
[0026] In the optical recording medium of the present 
invention, preferably, the adhesive layer comprises a 
stack of a ultraviolet curing resin-based adhesive agent 
layer and a pressure-sensitive tackiness agent layer. 
[0027] In the optical recording medium of the present 
invention, preferably, the polymer sheet comprises a 
polycarbonate. 

[0028] The above optical recording medium of the 
present invention includes as a light transmitting protec- 
tive film above the optical recording layer a polymer 
sheet produced by melt casting and an adhesive layer 
for bonding the polymer sheet to the optical recording 
layer. 

[0029] In this configuration, since it becomes possible 
to make the adhesive layer thinner than that of conven- 
tional optical disk, warping accompanying cure shrink- 
age of the adhesive layer can be reduced. Furthermore, 
warping at the time when the temperature or humidity 
changes can be suppressed. 

[0030] Also, a polymer sheet produced by melt cast- 



ing can be produced while controlling unevenness of the 
thickness to be about ±1 jam of an average value, for 
example, when the thickness is about 1 00 jim, so the 
uniformity of the thickness of the protective film including 
the polymer sheet and the adhesive layer can be im- 
proved. 

[0031] The optical recording medium of the present 
invention can improve the uniformity of the thickness of 
the protective film and suppress warping as explained 
above. 

[0032] Also, to attain the above object, according to 
the present invention, a method of producing an optical 
recording medium comprises the steps of: forming an 
optical recording layer on a substrate and forming a light 
transmitting protective film at an upper layer of the op- 
tical recording layer; wherein the step of forming the pro- 
tective layer includes a step of bonding a polymer sheet 
produced by melt casting to the optical recording layer 
by an adhesive layer. 

[0033] The above method of producing an optical re- 
cording medium of the present Invention, preferably, the 
polymer sheet is arranged so that a surface formed in 
contact with a cast when produced by melt casting be- 
comes at a side far from the optical recording layer. 
[0034] The above method of producing an optical re- 
cording medium of the present invention, preferably, as 
the polymer sheet, one having a residual solvent in the 
polymer sheet of not more than 0.3 wt% is used. 
[0035] The above method of producing an optical re- 
cording medium of the present invention, preferably, fur- 
ther comprises, before the step of bonding the polymer 
sheet, a step of annealing the polymer sheet in advance. 
[0036] The above method of producing an optical re- 
cording medium of the present invention, preferably, a 
polymer sheet having a birefringence in the in-plane di- 
rection of not more than 15 nm is used as the polymer 
sheet. 

[0037] The above method of producing an optical re- 
cording medium of the present invention, preferably, a 
polymer sheet having a difference of an average value 
of a refractive index in the in-plane direction and a re- 
fractive index in a direction perpendicular to the in-plane 
direction of not more than 0.0015 is used as the polymer 
sheet. 

[0038] The above method of producing an optical re- 
cording medium of the present invention, preferably, a 
adhesive layer including a stack of a ultraviolet curing 
resin-based adhesive agent layer and a pressure-sen- 
sitive tackiness agent layer is used as the adhesive lay- 
er. 

[0039] The above method of producing an optical re- 
cording medium of the present invention, preferably, a 
polymer sheet comprising a polycarbonate is used as 
the polymer sheet. 

[0040] The above method of producing an optical re- 
cording medium of the present invention forms an opti- 
cal recording layer on a substrate, then forms a light 
transmitting protective film above the optical recording 
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layer. Here, the step of forming the protective film In- 
cludes a step of bonding the polymer sheet produced 
by the melt casting to the above optical recording layer 
by an adhesive layer. 

[0041 ] According to the method of producing an opti- s 
cal recording medium of the above present Invention, 
the adhesive layer in the protective film can be made 
thinner than that of conventional optical disk, thus warp- 
ing accompanying cure shrinkage of the adhesive layer 
or warping when the temperature and humidity change io 
can be suppressed. 

[0042] Also, a polymer sheet produced by melt cast- 
ing can be produced controlling unevenness of the thick- 
ness to the about ±1 ujn of the average value in the case 
of a thickness of for example about 1 00 u,m, so the uni- is 
formity of the thickness of the protective film can be Im- 
proved. 

[0043] The method of producing an optical recording 
medium of the present invention improves the uniformity 
of the thickness of the protective film as explained 20 
above, so warping can be suppressed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] These and other objects and features of the 25 
present Invention will become clearer from the following 
description with reference to the attached drawings, 
wherein: 

Figure 1 is a schematic sectional view of an optical 30 
recording medium according to the conventional 
example; 

Figure 2 is a schematic sectional view for explaining 
problems according to the conventional example; 
Figure 3 is a schematic sectional view of an optical 35 
recording medium according to the first embodi- 
ment; 

Figure 4 is a schematic view for explaining a method 
of producing a polymer sheet by melt casting; 
Figure 5 is a perspective view for explaining a 40 
punching step of a polymer sheet; 
Figure 6 is a schematic view of a distribution of oc- 
currence of air bubbles, crystals, or other foreign 
matter in a polymer sheet obtained by melt casting; 
Figures 7A and 7B are perspective views for ex- 45 
plaining a production process of an optical record- 
ing medium according to the first embodiment, 
wherein Fig. 7A shows the state up to a step of sup- 
ply of an adhesive agent and Fig. 7B shows the 
state up to a step of stacking of a polymer sheet; so 
Figures 8A and 8B are perspective views of steps 
continuing from Figs. 7A and 7B, wherein Fig. 8A 
shows the state up to a step of spreading an adhe- 
sive agent between a polymer sheet and an optical 
recording layer, and Fig. 8B shows the state up to 55 
a step of curing of a resin; 

Figures 9A and 9B are perspective views for ex- 
plaining a production process of an optical record- 
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Ing medium according to the second embodiment, 
wherein Fig. 9 A shows a state up to a step of pro- 
ducing a stacked tackiness agent sheet, and Fig. 
9B shows a state up to a step of punching out the 
stacked tackiness agent sheet; 
Figures 1 0A and 1 0B are perspective views of steps 
continuing from Figs. 9A and 9B, wherein Fig. 10A 
shows a state up to a step of peeling off a PET liner 
on one surface, and Fig. 1 0B shows a state up to a 
step of stacking an optical recording layer of a sub- 
strate and a tackiness agent sheet; 
Figures 1 1 A and 1 1 B are perspective views of steps 
continuing from Figs. 10A and 10B, wherein Fig. 
1 1 A shows a state up to a step of bonding the optical 
recording layer of the substrate and the tackiness 
agent sheet, and Fig. 1 1 B shows a state up to a step 
of peeling off a PET liner on the other surface; 
Figures 1 2 A and 1 2B are perspective views of steps 
continuing from Figs. 11 A and 11B, wherein Fig. 
1 2A shows a state up to a step of stacking the pol- 
ymer sheet and the tackiness agent sheet, and Fig. 
12B shows a state up to a step of bonding the pol- 
ymer sheet and the tackiness agent sheet; 
Figures 1 3 is schematic sectional view of part of op- 
tical recording medium according to the third em- 
bodiment; 

Figures 14A and 14B are graphs wherein a value 
of a radial skew (degree) is plotted with respect to 
a radius (mm) in an optical disk sample according 
to Example 1 , wherein Fig. 1 4A shows results when 
the amount of residual solvent in the polymer sheet 
is 0.16 wt% and Fig. 14B shows the results when it 
is 0.27 wt%; 

Figures 15A and 15B are graphs wherein a value 
of a radial skew (degree) is plotted with respect to 
a radius (mm) in an optical disk sample according 
to Example 1 , wherein Fig. 1 5A shows results when 
the amount of residual solvent in the polymer sheet 
is 0.49 wt% and Fig. 15B shows results when it is 
0.59 wt%; 

Figures 1 6A and 1 6B are graphs wherein protective 
thicknesses (urn) of optical disk samples according 
to Examples 2 and 3 are plotted with respect to a 
radius (mm); and 

Figure 1 7 is a graph wherein a value of a radial skew 
(degree) before and after an accelerated test of an 
optical disk sample according to Example 4 is plot- 
ted with respect to a radius (mm). 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0045] Below, embodiments of the present invention 
will be explained in detail with reference to the drawings. 

First Embodiment 

[0046] Figure 3 is a schematic sectional view of a mul- 
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tilayer optical recording medium (hereinafter also re- 
ferred to as an "optical disk") according to the present 
embodiment. 

[0047] A pattern of irregularities forthe optical record- 
ing layer is formed by, for example, injection-molding on 
a substrate 1 0 comprised of, for example, a polycar- 
bonate and having a thickness of at least 0.3 mm, for 
example, about 1 .1 mm, and at the upper layer thereof 
is formed an optical recording layer 11 comprised of an 
aluminum or other reflection film or a phase change type 
thin film made of Inorganic material or other and having 
an irregularities of lands L and grooves G. 
[0048] Over the optical recording layer 11 , a polymer 
sheet 1 3 produced by melt casting is stacked and bond- 
ed via an adhesive layer 1 2. A light transmitting protec- 
tive film 14 Is configured by the adhesive layer 12 and 
the polymer sheet 13 and having a thickness of about 
1 00 jim by the two layers together. 
[0049] The above optical recording layer 1 1 may also 
be formed on the two sides of the substrate 10. In that 
case, the protective film 1 4 Is formed covering both sur- 
faces. 

[0050] An optical disk of the present embodiment is a 
type of optical disk where laser light is focused on the 
optical recording layer 11 through the light transmitting 
protective film 14 and the reflected light is read. By mak- 
ing it above type, a higher numerical aperture can be 
achieved. 

[0051] The optical recording layer 11 is, for example, 
comprised of a reflection film made by aluminum or oth- 
er metal, or inorganic or organic thin film of a phase 
change type or other type. 

[0052] The polymer sheet 13 is preferably optically 
transparent, has a low birefringence, and has a uniform 
thickness. As a material satisfying these conditions, for 
example, a polycarbonate, cyclic poly olefin, chain poly- 
olefin, polymethyl methacrylate (PMMA), and modified 
acryl may be used. 

[0053] The adhesive layer 1 2 for bonding the polymer 
sheet 1 3 to the optical recording layer 11 may be select- 
ed for use for example from an ultraviolet curing resin- 
based adhesive agent, a heat curing resin-based adhe- 
sive agent, an epoxy resin-based adhesive agent, and 
a pressure-sensitive tackiness agent, etc. Also, two or 
more types from those may be mixed or stacked for use. 
[0054] The bond strength by the adhesive layer 12 is 
made one of an extent of resisting temperature chang- 
es, humidity changes, external impact, etc. so as to pre- 
vent peeling. The bond strength depends on a material 
and thickness of the optical recording layer 11 and the 
materials and thicknesses of the substrate 10 and the 
polymer sheet 13 etc. 

[0055] It is necessary to adjust the polymer in the ad- 
hesive layer 12, decomposed polymer products, unre- 
acted monomer, reaction initiator, equilibrium absorp- 
tion, etc. to prevent corrosion and other reactions 
changing the recording and reproducing characteristics 
of the optical recording layer 11 , dispersion, etc. 



[0056] In the optical disk of the present embodiment, 
the polymer sheet 1 3 composing the protective film is a 
sheet produced by melt casting using the above mate- 
rials. 

5 [0057] The method of producing the polymer sheet by 
melt casting will be explained with reference to Fig. 4. 
[0058] A polymer material is dissolved in a solvent in 
a solution tank 21 and heated to a high temperature. 
The obtained polymer solution 22 is transferred to a 
coating tank 23. The above polymer solution 22 is coat- 
ed on a flat substrate or a belt 24 from a dispenser at 
the bottom of the coating tank 23 so as to obtain a pol- 
ymer solution coating film 25. 

[0059] While leaving still the above polymer solution 
coating film 25 or conveying the same on a conveyer 
belt 26, it Is dried, that is, the solvent is evaporated, then 
the obtained sheet is rolled together with a protective 
film 27 to obtain a polymer sheet roll 28. 
[0060] The polymer sheet 1 3a produced in the above 
way may be used, for example, as shown in Fig. 5, by 
punching it out to an optical disk size by a punching 
press M. 

[0061 ] For example, when producing a polymer sheet 
having a thickness of 100 u,m, a polymer solution diluted 
five-fold with a solvent is prepared and coated to a thick- 
ness of 500 u,m. First, it is leveled at the time of coating 
to assist uniformity of the thickness. The unevenness of 
the thickness at this time is for example about ±5 \im. 
When the thickness becomes 100 ujn by drying of the 
coated film, however, the unevenness of the thickness 
becomes reduced to for example ±1 u.m with respect to 
the average value, so a sheet having a small uneven- 
ness of thickness can be obtained. 
[0062] By using a polymer sheet controlled in uneven- 
ness of thickness to ±1 ujn as in the above, it is possible 
to use as the protective film 14 a film controlled in thick- 
ness to a range of ±2 ujti of the average value of the 
thickness of the protective film 14. Further, it is possible 
to use a film controlled in thickness to a range of ±3 ujti 
with respect to a set value (for example, 1 00 ujti) of the 
thickness of the protective film 1 4. 
[0063] In this way, the uniformity of the thickness of 
the protective film including the polymer sheet and the 
adhesive layer can be improved. 
[0064] Also, compared the general method of produc- 
ing a polymer sheet, that is, extrusion, by using melt 
casting, the force pulling the sheet in one direction can 
be kept small at the time of producing the polymer sheet, 
the orientation of molecules in the sheet is suppressed, 
and the amount of birefringence in the in-plane direction 
of the optical disk can be made not more than 15 nm, 
that is the amount of birefringence amount possessed 
by the polymer sheet as an initial value plus an increase 
of the birefringence due to the photoelasticity effect. 
[0065] When the amount of birefringence is large, this 
becomes a factor behind a decrease or fluctuation of 
laser return light reflected at the optical recording layer 
of the optical disk, but since the amount of birefringence 
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can be reduced, the decrease or fluctuation of laser re- 
turn light can be suppressed. 

[0066] Also, in the polymer sheet comprised of a poly- 
carbonate, the difference of an average value of a re- 
fractive index in the in-plane direction and a refractive 
Index In a direction perpendicular to the In-plane direc- 
tion can be made not more than 0.0015. 
[0067] Furthermore, in the configuration of the optical 
disk according to the above present embodiment, since 
the adhesive layer 12 can be made thinner than in the 
past, warping accompanying cure shrinkage of the ad- 
hesive layer can be reduced. Furthermore, warping 
when the temperature or humidity changes can be sup- 
pressed. 

[0068] As the material of the adhesive layer, it is pref- 
erable to use one having a volume shrinkage of not more 
than 15%. Also, the higher the hardness, the larger the 
warping, so the Young's modules is preferably low. 
Since a pressure-sensitive tackiness agent has a low 
Young's modules, it has the characteristic of making 
warping difficult even when the adhesive layer is made 
thick. 

[0069] Furthermore, to suppress warping of a disk, it 
is important that the coefficient of thermal expansion at 
the time of a temperature change and the rate of change 
of volume at the time of absorption of moisture be 
matched in the materials of the polymer sheet 13 and 
the substrate 1 0. For example, by using the same ma- 
terial for the polymer sheet 13 and the substrate 10, 
warping of the optical disk can be easily suppressed. 
[0070] When using a sheet comprised of a polycar- 
bonate as the above polymer sheet 13, the solvent used 
by the melt casting, that is, methylene chloride (CH 2 Cl2), 
remains in some cases. The residual solvent volatilizes 
even after the sheet is bonded on the optical recording 
layer of the substrate for configuring the optical disk, so 
volume shrinkage occurs in the polymer sheet 13 and 
warping of the optical disk occurs. 
[0071 ] Accordingly, the less the residual solvent in the 
polymer sheet comprised of a polycarbonate, the more 
preferable, for example, not more than 0.3 wt% is pref- 
erable. 

[0072] The residual solvent in the sheet can be ad- 
justed by the dilution strength and drying conditions in 
the melt casting, but when the drying time is long, it leads 
to a decline in productivity such as with a slower coating 
speed. To secure a speed of the coating to an extent not 
causing a decline in productivity, even when drying is 
insufficient and the residual solvent in the sheet be- 
comes more than 0.3 wt%, warping of the optical disk 
can be suppressed by annealing the sheet for example 
at a temperature of 50 to 1 40°C for 1 0 seconds or more, 
preferably at 80 to 1 30°C for 5 minutes or more, in ad- 
vance to sufficiently volatilize the residual solvent in the 
polymer sheet 13 before bonding the sheet to the optical 
recording layer of the substrate for configuring the opti- 
cal disk. 

[0073] Also, when using a sheet comprised of a poly- 



carbonate as the above polymer sheet 1 3, as shown Fig . 
6, which is the schematic sectional view of the polymer 
sheet in the melting cast step, air bubbles of a size of 
about 5 \im or less or crystals or other foreign matter 
5 29a are formed in the polymer sheet 29 in some cases. 
This foreign matter 29a Is characterized by occurring 
more on the belt 24 side than on the surface of the pol- 
ymer sheet 29 when the sheet is cast. 
[0074] Accordingly, when bonding the above polymer 
sheet as a protective film on the optical recording layer, 
It Is preferable that the surface of the polymer sheet 
which was in contact with the belt 24 become the surface 
of the optical disk! 

[0075] The diameter of the laser beam for recording 
and reproduction spreads from the signal surface, so by 
arranging the foreign matter 29a far from the signal sur- 
face, the effect of the foreign matter on the recording 
and reproduction of signals can be reduced. 
[0076] The optical disk of the present embodiment in- 
cludes as a light transmitting protective film above the 
optical recording layer a polymer sheet produced by 
melt casting and an adhesive layer for bonding the pol- 
ymer sheet to the optical recording layer and therefore 
can make the adhesive layer thinner than in the past to 
reduce warping accompanying cure shrinkage of the ad- 
hesive layer and can suppress warping when the tem- 
perature or humidity chan ges. Furthermore, the polymer 
sheet produced by the melt casting can be improved in 
the uniformity of thickness and can reduce the amount 
of birefringence, so can improve the uniformity of thick- 
ness and can reduce the amount of birefringence of the 
protective film including the polymer sheet. 
[0077] The method of producing the optical disk of the 
above embodiment will be explained with reference to 
the drawings. 

[0078] First, a pattern of irregularities for the optical 
recording layer is formed by, for example, injection- 
molding on a substrate 10 comprised, for example, of a 
polycarbonate and having a thickness of at least 0.3 
mm, for example, about 1 .1 mm. An aluminum or other 
reflection film, or inorganic thin film of a phase change 
type or other type is deposited on this by sputtering so 
as to form an optical recording layer 11 . 
[0079] Next, as shown in Fig. 7A, a liquid-state ultra- 
violet curing resin, heat curing resin, epoxy resin, or oth- 
er adhesive agent R is supplied on the optical recording 
layer 11 by a dispenser D while spinning the substrate 
10. 

[0080] Next, as shown in Fig. 7B, a polymer sheet 13 
comprised of a polycarbonate etc. produced by melt 
casting and punched out to a disk shape is superim- 
posed on the optical recording layer 1 1 to which the ad- 
hesive agent R was supplied. In the case of a polymer 
sheet 1 3 comprised of a polycarbonate, the sheet is an- 
nealed in advance in accordance with need. 
[0081] Next, as shown in Fig. 8A, the substrate 10 is 
spun at a high speed to make the adhesive agent R uni- 
formly spread between the optical recording layer 11 
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and the polymer sheet 1 3 by centrifugal force and to 
shake off the excess adhesive agent. 
[0082] Next, as shown In Fig. 8B, ultraviolet light irra- 
diation by an ultraviolet lamp U VL when the adhesive 
agent R is an ultraviolet curing resin, heating when it is 
a heat curing resin, or other curing Is performed, where- 
by a cured adhesive layer 12 is obtained. 
[0083] By the above steps, an optical disk having the 
configuration as shown in Fig. 3 can be produced. 
[0084] According to the method of the producing an 
optical disk of the above embodiment, by making the 
adhesive layer in the protective layer thinner than that 
of the conventional optical disk, warping of the optical 
disk accompanying cure shrinkage of the adhesive layer 
or warping when the temperature or humidity changes 
can be suppressed. Further, a polymer sheet produced 
by melt casting can be improved in uniformity of thick- 
ness, so can improve the uniformity of thickness of the 
protective film comprised of the polymer sheet and the 
adhesive layer in production. 

Second Embodiment 

[0085] The configuration of the optical disk according 
to the present embodiment is similar to that of the optical 
disk according to the first embodiment. However, it is 
different in that a pressure-sensitive tackiness agent or 
other tackiness agent is used as the adhesive layer 12 
for bonding the polymer sheet 1 3 to the optical recording 
layer 11 . Since the Young's modules is low, warping of 
the disk is hard to occur even if the adhesive layer is 
made thick. 

[0086] For example, when the thickness of the protec- 
tive film is 100 nm, the thickness of the adhesive layer 
made by a tackiness agent is made 25 ^m and the thick- 
ness of the polymer sheet is made 75 \im. 
[0087] The method of producing an optical disk of the 
present embodiment will be explained with reference to 
drawings. 

[0088] First, as shown in Fig. gA, a stacked tackiness 
agent sheet ST comprised of a tackiness agent sheet 
TA sandwiched by two PET (polyethylene terephtha- 
late) liners (PL1 and PL2) is prepared. 
[0089] Next, as shown in Fig. 9B, the above stacked 
tackiness agent sheet ST is punched out to an optical 
disk size by a punching press M. 
[0090] Next, as shown in Fig. 10A, the PET liner PL1 
on one side of the above stacked tackiness agent sheet 
ST punched out to an optical disk size is peeled off. 
[0091] Next, as shown in Fig. 10B, the tackiness 
agent sheet TA formed as explained above and having 
the PET liner PL2 on one surface is set on a base S 
having a positioning protrusion at the center. A substrate 
1 0 comprised of a polycarbonate etc. and formed with 
an optical recording layer 11 by a separate process in 
the same way as in the first embodiment is positioned 
and set on this so that the optical recording layer 1 1 side 
faces the tackiness agent sheet TA side. 



[0092] Next, as shown In Fig. 1 1 A, the optical record- 
ing layer 11 and the tackiness agent sheet TA are suffi- 
ciently bonded by pressing them from above the sub- 
strate 10 by a pad P or a roller etc. 
5 [0093] Next, as shown in Fig. 1 1 B, the PET liner PL2 
left on the other surface of the above tackiness agent 
sheet TA is peeled off. 

[0094] Next, as shown in Fig. 12A, a polymer sheet 
13 formed in advance by a separate process is set on 
10 the base S having the positioning protrusion at the cent- 
er. The substrate 1 0 to which tackiness agent sheet TA 
is bonded is positioned and set on this so that the tack- 
iness agent sheet TA side faces the polymer sheet 13 
side. 

15 [0095] Next, as shown in Fig. 12B, the polymer sheet 
13 and the tackiness agent sheet TA are sufficiently 
bonded by pressing them from above the substrate 10 
by a pad P or a roller etc. 

[0096] By the above steps, an optical disk having an 
20 adhesive layer 1 2 comprised of the tackiness agent TA 
in the configuration shown in Fig. 3 can be produced. 
[0097] According to the method of producing the op- 
tical disk of the present embodiment, by making the ad- 
hesive layer in the protective film thinner than that of the 
25 conventional optical disk, warping of the optical disk ac- 
companying cure shrinkage of the adhesive layer or 
warping when the temperature or humidity changes can 
be suppressed. Also, the polymersheet produced by the 
melt casting can be improved in uniformity of thickness, 
30 so can improve the uniformity of thickness of the protec- 
tive film comprised of the polymer sheet and the adhe- 
sive layer in production. 

Third Embodiment 

35 

[0098] Figure 13 is a schematic sectional view of a 
part of an optical disk of the preset embodiment. 
[0099] The disk is substantially the same as the first 
embodiment, but is different in that the adhesive layer 

40 has a two-layer configuration. When prevention of warp- 
ing of the optical disk or corroding of the optical record- 
ing layer by the adhesive layer and bond strength by the 
adhesive layer are hard to realize by a single adhesive 
agent, it is effective to use two or more types of adhesive 

45 layers. 

[0100] Namely, a pattern of irregularities for the opti- 
cal recording layer is formed by, for example, injection- 
molding on a cyclic polyolefin sheet (Zeonex Sheet, 
made by Nippon Zeon) or other substrate 10 having a 

50 thickness of at least 0.3 mm, for example, about 1 . 1 mm, 
and an aluminum or other optical recording layer 11 is 
formed on the substrate 10. A cyclic polyolefin sheet 
(Zeonex Sheet, made by Nippon Zeon) or other polymer 
sheet 13 produced by melt casting is stacked on and 

55 bonded to the optical recording layer 1 1 via the adhesive 
layer 12. By this, a light transmitting protective film 14 
comprised of the adhesive layer 12 and the polymer 
sheet 1 3 and having a thickness of about 1 00 jam or so 
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by the two layers together Is configured. 
[01 01 ] The adhesive layer 1 2 for bonding the polymer 
sheet 13 to the optical recording layer 11 Is comprised 
of a stack of a first adhesive layer 12a of an ultraviolet 
curing resin having low corrosiveness to the optical re- 
cording layer 11 etc. and a second adhesive layer 12b 
of a pressure-sensitive tackiness agent etc. 
[0102] Since the optical recording layer 11 only con- 
tacts the first adhesive layer 1 2a having low corrosive- 
ness, corrosion is prevented. 

[0103] Also, with the above configuration, It Isnotnec- 
essary to consider bondability of the first adhesive layer 
1 2a and the polymer sheet 1 3. This is particularly effec- 
tive in the case of using acyclic polyolefin sheet (Zeonex 
Sheet, made by Nippon Zeon) as the polymer sheet 13. 
[0104] The optical disk of the present embodiment 
can be produced by forming the optical recording layer 
1 1 on the substance 1 0, then thinly forming the first ad- 
hesive layer 12a by spin coating and curing it, then fol- 
lowing the same procedure as in the first or second em- 
bodiment by the second adhesive layer. 
[0105] As the optical disk as shown in Fig. 13, the con- 
figuration described below is also able to be configured. 
Namely, a pattern of irregularities for the optical record- 
ing layer is formed by, for example, injection-molding on 
a polycarbonate or other substrate 10 having a thick- 
ness of at least 0.3 mm, for example, about 1 .1 mm, and 
an optical recording layer 11 made of organic based thin 
film or other is formed on the substrate 10. A polycar- 
bonate or other polymer sheet 13 produced by melt cast- 
ing is stacked on and bonded to the optical recording 
layer 11 via the adhesive layer 12. By this, a light trans- 
mitting protective film 14 comprised of the adhesive lay- 
er 12 and the polymer sheet 13 and having a thickness 
of about 1 00 u,m by two layers together is configured. 
As above described configuration, when prevention of 
warping of the optical disk or diffusion of the optical re- 
cording layer to the adhesive layer or the bond strength 
by the adhesive layer are hard to realize by single ad- 
hesive agent, it is effective to use two or more types of 
adhesive layers. 

[01 06] The adhesive layer 1 2 for bonding the polymer 
sheet 13 to the optical recording layer 11 is comprised 
of a stack of a first adhesive layer 12a of an ultraviolet 
curing resin etc. capable of preventing diffusion of the 
optical recording layer 11 and a second adhesive layer 
12b of a pressure-sensitive tackiness agent. 
[0107] Since the optical recording layer 11 only con- 
tacts the first adhesive layer 12a capable of preventing 
diffusion, diffusion can be prevented. 
[01 08] Also, with the above configuration, it is not nec- 
essary to consider bondability of the first adhesive layer 
12a and the polymer sheet 13. 

[0109] The optical disk of the present embodiment 
can be produced by forming the optical recording layer 
1 1 on the substrate 1 0, then thinly forming the first ad- 
hesive layer 12a by spin coating and curing it, then fol- 
lowing the same procedure as in the first or second em- 



bodiment by the second adhesive layer. 
(Example 1) 

5 [0110] A sample was prepared by forming a pattern 
of Irregularities for a optical recording layer by injection- 
molding on a polycarbonate substrate having an outside 
diameter of 120 mm, inside diameter of 15 mm, and 
thickness of 1 .1 mm, forming an optical recording layer 

10 of aluminum on the substrate and bonding a polycar- 
bonate sheet having a thickness of 75 urn to the surface 
thereof by a tackiness agent having a thickness of 25 
jojn. 

[0111] Here, the polycarbonate sheet is a sheet pro- 
fs duced by melt casting. Four optical disk samples were 
made by using four types of sheets having different 
amounts of residual solvent (0.16 wt%, 0.27 wt%, 0.49 
wt%, and 0.59 wt%). 

[01 1 2] The changes of radial skew of the above opti- 
20 cal disk samples were measured after 30 days in an at- 
mosphere of a temperature of 25°C and a humidity of 
50%. 

[0113] For measuring the radial skew, at the state that 
the optical disk was hold at center portion thereof on the 

25 standard surface, a light which is perpendicular to the 
standard surface was Irradiated on the surface of the 
disk end portion, and the reflection angle of obtained 
reflected light was measured, and thereby, the radial 
skew was measured as the slope of the surface of the 

30 disk end portion. 

[0114] The results are shown in Fig. 14 and Fig. 15. 
[0115] Figure 14A is a graph wherein a value of the 
radial skew (degree) is plotted with respect to the radius 
(mm) for an optical disk sample having an amount of 

35 residual solvent of 0.16 wt%, while Fig. 14B is the same 
graph for 0.27 wt% f Fig. 15Afor 0.49 wt%, and Fig. 15B 
for 0.59 wt%. 

[0116] In the figures, the graph expressed by "a" is 
the state immediately after producing the optical disk 
40 sample, while the graph expressed by "b" is the state 
after the above 30 days. 

[0117] It was found from the above results that when 
the amount of residual solvent is 0.49 wt% and 0.59 
wt%, changes of the radial skew value are large before 
45 and after 30 days, but by making it not more than 0.3 
wt% (0.16 wt% and 0.27 wt%), changes of the radial 
skew value can be suppressed to within 0.1 degree. 



[0118] A sample was prepared by forming a pattern 
of irregularities for a optical recording layer by injection- 
molding on a polycarbonate substrate having an outside 
diameter of 120 mm, inside diameter of 15 mm, and 
55 thickness of 1 .1 mm, forming an optical recording layer 
of a phase change film by sputtering on the substrate, 
supplying an ultraviolet curing resin (T-695/UR506-4, 
made by Nagase-Ciba) in a circle shape in a range of a 
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radius of 15 to 30 mm on the surface, stacking thereon 
a polycarbonate sheet (C-1400 made by Teljin) having 
a thickness of 97 (j.m punched out to an outside diameter 
of 119 mm and an inside diameter of 36 mm, spinning 
this at 7000 rpm for 30 seconds to spread the ultraviolet 
curing resin between the polycarbonate substrate and 
the polycarbonate sheet and shake off excess resin, and 
irradiating ultraviolet light to cure the ultraviolet curing 
resin. 

[0119] The thickness of the protective film (polycar- 
bonate sheet and the adhesive layer) of the above op- 
tical disk sample was measured by a laser focus dis- 
placement meter (LT-801 0, made by Keyence Corpora- 
tion). 

[0120] Figure 16A is a graph wherein the obtained 
protective thickness (urn) Is plotted with respect to the 
diameter (mm). 

[01 21 ] The average thickness is 1 00.2 p.m and the un- 
evenness of thickness was ±1 .0 u,m. 

(Example 3) 

[0122] A sample was prepared by forming a pattern 
of irregularities for a optical recording layer by injection- 
molding on a polycarbonate substrate having an outside 
diameter of 120 mm, inside diameter of 15 mm, and 
thickness of 1 .1 mm, forming an optical recording layer 
of a phase change film by sputtering on the substrate, 
pressing by a rubber pad a tackiness agent sheet (DA- 
8310, made by Nitto Denko) having a thickness of 25 
u,m provided with a PET liner on the surface, peeling off 
the PET liner, then stacking a polycarbonate sheet 
(made by Teijin) having a thickness of 75 p.m punched 
out to an outside diameter of 119 mm and inside diam- 
eter of 36 mm over the tackiness agent, and pressing 
again by the rubber pad. 

[0123] In the same way as Example 2, the thickness 
of the protective film (polycarbonate sheet and adhesive 
layer (tackiness agent layer)) of the above optical disk 
sample was measured by a laser focus displacement 
meter. 

[0124] Figure 16B is a graph wherein the obtained 
protective thickness (um) is plotted with respect to the 
diameter (mm). 

[0125] The average thickness was 99.3 u,m and the 
uneven n ess of thickness was ±0.6 p.m. 

(Example 4) 

[0126] A sample having a protective film of a thick- 
ness of 1 1 3 urn comprising an adhesive layer comprised 
of a first adhesive layer (ultraviolet curing resin) and a 
second adhesive layer (tackiness agent) and a polymer 
sheet was prepared by forming a pattern of irregularities 
for a optical recording layer by injection-molding on a 
polycarbonate substrate having an outside diameter of 
120 mm, inside diameter of 15 mm, and thickness of 1 .1 
mm, forming an optical recording layer of aluminum re- 



flection film by sputtering on the substrate, supplying on 
the surface an ultraviolet curing resin (T-695/UR506-4, 
made by Nagase-Ciba), spin coating at 7000 rpm for 30 
seconds, an irradiating ultraviolet light to cure the ultra- 
5 violet curing resin to form the first adhesive layer, then 
pressing by a rubber pad a tackiness agent sheet (DA- 
8310, made by Nitto Denko) having a thickness of 40 
urn provided with a PET liner over the layer, peeling off 
the PET liner, then stacking over the layer a cyclic poly- 
10 olefin sheet (Zeonex Film, made by Nippon Zeon) hav- 
ing a thickness of 70 tun punched out to an outside di- 
ameter of 1 1 9 mm and an inside diameter of 36 mm, and 
pressing again by the rubber pad. 
[0127] The state of corrosion of the aluminum optical 
15 recording layer after an accelerated test leaving the 
above sample In an atmosphere of a temperature of 
80°C and a humidity of 85% for 96 hours and changes 
of radial skew before and after the accelerated test were 
measured. 

[0128] At the same time, a sample having the same 
configuration as above but differing only In not having 
the first adhesive layer (ultraviolet curing resin) was pre- 
pared. The states of corrosion of the aluminum optical 
recording layers of the two after the accelerated test 
were observed under a microscope. As a result, corro- 
sion of the aluminum was not observed in the sample 
having the two-layer configuration of the first adhesive 
layer (ultraviolet curing resin) and the second adhesive 
layer (tackiness agent), but corrosion of the aluminum 
was observed in the sample wherein the first adhesive 
layer (ultraviolet curing resin) was not formed. 
[0129] Figure 1 7 is a graph wherein a value of the ra- 
dial skew (degree) of a sample having the above two- 
layer configuration of the first adhesive layer (ultraviolet 
curing resin) and the second adhesive layer (tackiness 
agent) is plotted with respect to the radius (mm) and is 
a graph of results of measurement before and after the 
accelerated test. 

[0130] . From the above results, the radial skew value 
was 0.1 degree before the accelerated test and the 
change due to the accelerated test was 0.12 degree. 

(Example 5) 

[0131] A sample having a protective film of a thick- 
ness of 1 1 3 ujti comprising an adhesive layer comprised 
of a first adhesive layer (ultraviolet curing resin) and a 
second adhesive layer (tackiness agent) and a polymer 
sheet was prepared by forming a pattern of irregularities 
for a optical recording layer by inject ion -molding on a 
polycarbonate substrate having an outside diameter of 
120 mm, inside diameter of 15 mm, and thickness of 1 .1 
mm, forming an optical recording layer of thin film of an 
organic pigment on the substrate, supplying on the sur- 
face an ultraviolet curing resin (T-695/UR506-4, made 
by Nagase-Ciba), spin coating at 7000 rpm for 30 sec- 
onds, an irradiating ultraviolet light to cure the ultraviolet 
curing resin to form the first adhesive layer preventing 
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diffusion of the organic pigment, then pressing by a rub- 
ber pad a tackiness agent sheet (DA-831 0, made by Nit- 
to Denko) having a thickness of 40 ujn provided with a 
PET liner over the layer, peeling off the PET liner, then 
stacking over the tackiness agent a polycarbonate sheet 
(made by TelJIn) having a thickness of 70 u,m punched 
out to an outside diameter of 119 mm and an inside di- 
ameter of 36 mm, and pressing again by the rubber pad. 
[0132] At the same time, a sample having the same 
configuration as above but differing only in not having 
the first adhesive layer (ultraviolet cu ring resin) was pre- 
pared. Accelerated tests were conducted exposing the 
two sample to an atmosphere of a temperature of 80°C 
and a humidity of 85% for 96 hours and the suitability 
for recording on the optical recording layer after the ac- 
celerated test was investigated. Recording was possible 
in the sample having the two-layer configuration of the 
first adhesive layer (ultraviolet curing resin) and the sec- 
ond adhesive layer (tackiness agent), while recording 
was impossible in the sample wherein the first adhesive 
layer (ultraviolet curing resin) was not formed. 

(Example 6) 

[0133] By using a birefringence measurement device 
(ADR-1 30N, made by Oak Co.), the birefringence in the 
in-plane direction of the polycarbonate sheet (C-1400, 
made by Teijin Limited) produced by the above melt 
casting and the difference of a refractive index in a di- 
rection perpendicular to the in-plane direction and an 
average of the refractive index in the in-plane direction 
were measured. 

[01 34] The amount of retardation of the birefringence 
in the in-plane direction was 12 nm, and the difference 
of the refractive index in a direction perpendicular to the 
in-plane direction and the average of the refractive index 
in the in-plane direction was 0.0010. 

(Example 7) 

[01 35] A polycarbonate sheet (thickness of 97 \xm) in- 
cluding a residual solvent in an amount of 0.4 wt% was 
dried at 120°C for one hour by hot air. 
[0136] The same sample as in Example 1 was pre- 
pared by using the above polycarbonate sheet and the 
change of warping after three months in an atmosphere 
of a temperature of 25°C and humidity of 50% was 
measured. The change was 0.08 degree. 

(Example 8) 

[0137] The number of air bubbles or crystals in a poly- 
carbonate sheet (thickness of 97 u,m) produced by melt 
casting was investigated. As a result, the foreign matter 
was concentrated within a range of 20 ujti from a belt 
surface side in the melt casting and the density was 
30000/cm 2 . 

[0138] Also, the same sample as in Example 2 was 



prepared using the above polycarbonate sheet. Howev- 
er, a sample where the belt surface in the melt casting 
was made the optical disk surface and a sample where 
the belt surface in the melt casting was made the surface 
5 bonded to the ultraviolet curing resin were separately 
prepared. 

[01 39] The two types of samples were written on at a 
density equivalent to 22 GB and the error rates at the 
time of reproduction were measured. The error at the 
time of reproduction in the sample where the belt sur- 
face In the melt casting was made the optical disk sur- 
face was less than 1/10 that in the sample where the 
belt surface in the melt casting was made the surface 
bonded to the ultraviolet curing resin. 
[0140] The present invention is not limited to the 
above embodiments. 

[0141] For example, the materials and thicknesses 
etc. of the substrate, the optical recording layer, and the 
adhesive layer between layers comprising the optical re- 
cording medium are not limited to those explained in the 
above embodiments and may be suitably selected. 
[0142] Also, the polymer sheet may be any produced 
by melt casting. The material and the thickness can be 
suitably selected. 

[0143] Other than the above, a variety of modifica- 
tions may be made within a scope not changing the gist 
of the present invention. 

[01 44] According to the optical recording medium of 
the present invention, the light transmitting protective 
film above the optical recording layer includes a polymer 
sheet produced by melt casting and an adhesive layer 
for bonding the polymer sheet to the optical recording 
layer and can make the adhesive layer thinner than that 
of the conventional optical disk to reduce warping ac- 
companying cure shrinkage of the adhesive layer and 
suppress warping when the temperature or humidity 
changes. Further, the polymer sheet produced by melt 
casting can be improved in uniformity of thickness and 
can reducing the birefringence, so can improve the uni- 
formity of thickness of the protective film including the 
polymer sheet and reduce the birefringence. 
[0145] Also, accordingto the method of producing the 
optical recording medium of the present invention, by 
making the adhesive layer in the protective film thinner 
than that of the conventional optical disk, warping of the 
optical disk accompanying cure shrinkage of the adhe- 
sive layer or warping when the temperature or humidity 
changes can be suppressed and the uniformity of thick- 
ness of the polymer sheet produced by melt casting can 
be improved, so the uniformity of thickness of the pro- 
tective film comprised of the polymer sheet and the ad- 
hesive layer can be improved in the production. 
[01 46] Note that the present invention is not limited to 
the above embodiments and includes modifications 
within the scope of the claims. 
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Claims 

1 . An optical recording medium comprising: 

a substrate; 

an optical recording layer formed on said sub- 
strate; and 

a light transmitting protective film formed at an 
upper layer of said optical recording layer; 

wherein said protective film Includes a poly- 
mer sheet produced by melt casting and an adhe- 
sive layer for bonding the polymer sheet to said op- 
tical recording layer. 

2. An optical recording medium as set forth In claim 1 , 
wherein, a surface formed in contact with the cast 
when said polymer sheet is produced by melt cast- 
ing is arranged to be at a far side from said optical 
recording layer. 

3. An optical recording medium as set forth in claim 1 , 
wherein a residual solvent in said polymer sheet is 
not more than 0.3 wt%. 

4. An optical recording medium as set forth in claim 1 , 
wherein a birefringence in the in-plane direction of 
said polymer sheet is not more than 15 nm. 

5. An optical recording medium as set forth in claim 1 , 
wherein a difference of an average value of a re- 
fractive index in an in-plane direction of said poly- 
mer sheet and a refractive index in a direction per- 
pendicular to the in-plane direction is not more than 
0.0015. 

6. An optical recording medium as set forth in claim 1 , 
wherein said adhesive layer comprises a stack of a 
ultraviolet curing resin-based adhesive agent layer 
and a pressure-sensitive tackiness agent layer. 

7. An optical recording medium as set forth in claim 1 , 
wherein said polymer sheet comprises a polycar- 
bonate. 

8. A method of producing an optical recording medium 
including the steps of: 

forming an optical recording layer on a sub- 
strate and 

forming a light transmitting protective film at an 
upper layer of said optical recording layer; 

wherein the step of forming said protective 
layer includes a step of bonding a polymer sheet 
produced by melt casting to said optical recording 
layer by an adhesive layer. 
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9. A method of producing an optical recording medium 
as set forth in claim 8, wherein said polymer sheet 
is arranged so that a surface formed in contact with 
a cast when produced by melt casting becomes at 

5 a side far from said optical recording layer. 

1 0. A method of producing an optical recording medium 
as set forth in claim 6, wherein as said polymer 
sheet, one having a residual solvent in said polymer 

10 sheet of not more than 0.3 wt% is used. 

11. A method of producing an optical recording medium 
as set forth in claim 8, further comprising, before the 
step of bonding said polymer sheet, a step of an- 

15 nealing said polymer sheet in advance. 

12. A method of producing an optical recording medium 
as set forth in claim 8, wherein a polymer sheet hav- 
ing a birefringence in the in-plane direction of not 

20 more than 15 nm is used as said polymer sheet. 

1 3. A method of producing an optical recording medium 
as set forth in claim 8, wherein a polymer sheet hav- 
ing a difference of an average value of a refractive 

25 index in the in-plane direction and a refractive index 
In a direction perpendicular to the in-plane direction 
of not more than 0.0015 is used as said polymer 
sheet. 

30 14. A method of producing an optical recording medium 
as set forth in claim 8, wherein a adhesive layer in- 
cluding a stack of a ultraviolet curing resin-based 
adhesive agent layer and a pressure-sensitive tack- 
iness agent layer is used as said adhesive layer. 

35 

15. A method of producing an optical recording medium 
as set forth in claim 8, wherein a polymer sheet 
comprising a polycarbonate is used as said polymer 
sheet. 
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FIG. 3 
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FIG. 5 
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FIG. 9A 
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FIG. 13 
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FIG. 14A 
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FIG. 15A 
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